eningioMas constitute approximately 15%-20% of all intracranial neoplasms and are often associated with favorable clinical prognosis because of their benign histology. Because of the high survival rates associated with meningiomas, patients with meningiomas can expect increased functional capacity compared with patients harboring other brain tumors. Parameters such as the rate of survival, tumor recurrence, and progression, 8 as well as the quality of life 3,17 of these patients, have traditionally been used to assess outcomes after intracranial meningioma surgery. According to recommendations from current outcomes research programs, neuropsychological-cognitive parameters also need to be incorporated to comprehensively evaluate surgical outcomes.
effect on normal cerebral tissue. Compared with healthy subjects, meningioma patients have reduced psychomotor speed and working memory 27 and attentional dysfunctions. 14, 18 Furthermore, an association between neuropsychiatric symptoms and the occurrence of meningiomas, in particular of the anterior fossa, has been observed. 1, 2, 13 Regarding postoperative neurocognitive outcomes, the literature suggests that about 40% of patients experience cognitive or emotional problems following surgery. 26 Patients with meningioma show significant long-term impairments in executive functioning; 6 those with skull base meningiomas perform lower on cognitive testing than those with convexity meningiomas, and those with leftsided meningiomas show more verbal memory deficits than those with right-sided meningiomas. 28 In general, neurocognitive deficits have been documented preoperatively in patients with meningiomas, suggesting that the tumor itself can cause neuropsychological disturbances. Furthermore, a number of studies have suggested that patients with surgically treated meningiomas present postoperatively with cognitive declines. However, those studies are retrospective and do not take into account preoperative cognitive status. To investigate whether postoperative cognitive sequelae are due to tumor or surgery, prospective studies need to be conducted. So far, the literature lacks prospective studies with large samples of meningioma patients. The aim of our prospective study was to evaluate tumor and surgery effects on neurocognitive function in patients harboring skull base, anterior convexity, and posterior convexity meningiomas.
methods participants
During 2011-2013, 61 patients with intracranial meningiomas were admitted for neurosurgical treatment to the University Neurosurgical Clinic of Evangelismos Hospital. Of these patients, 54 right-handed patients (38 females, mean age 56.8 ± 12.8 years [± SD]) with intracranial skull base (anterior and middle fossa) and convexity (frontal and parietal) meningiomas, and a control group of 52 healthy volunteers, matched for age, sex, and education, were enrolled in this prospective study. The remaining 7 patients were excluded from the study for the following reasons: 2 patients were receiving antipsychotic agents, 2 patients had en plaque meningioma, 1 patient was foreign and neuropsychological assessment could not be offered in his native language, 1 patient refused to enroll in the study, and 1 patient had recurrent meningioma. The enrolled patients underwent neuropsychological assessment prior to and 1 year following surgery. None of the enrolled patients had a previous history of intracranial mass lesion and/or other neurological diseases. Tumor histology and total tumor resection were confirmed by neuropathological and radiological assessments, respectively. The healthy control group underwent the same neuropsychological assessment to compare their performance with patient preoperative assessments. Consent forms were obtained from all participants prior to testing. The participants' demographic and clinical data are presented in Table 1 . 5 to test recall of new verbal and nonverbal information. Furthermore, fine motor function of the upper extremities was assessed using the finger-tapping test. 20 All tests were administered and scored according to standard procedures provided in their respective test manuals. Finally, patients were clinically evaluated for disorders that usually result from parietal association cortex damage such as apraxia, agnosia, and sensory loss.
statistical analysis
Data were analyzed using the SPSS software package (version 21). According to statistical analysis, the data were normally distributed. Thus, independent sample ttests (significance level set at p ≤ 0.05) were used to compare neuropsychological performance between patient and control groups. Independent t-tests were also used to in- vestigate the effects of localization (skull base vs convexity, anterior skull base vs middle skull base, and anterior convexity vs posterior convexity), lateralization (left vs right), and size of the tumor in patients during the preoperative neuropsychological performance assessment. Paired sample t-tests were used in the patient group to evaluate the effect of surgery on neuropsychological functions. Bonferroni corrections were applied for multiple comparisons. Finally, 1-way ANOVA and Tukey's post hoc analysis were used to examine the effect of edema on preoperative neuropsychological performance.
results preoperative assessments

Patients Versus Controls
Statistical comparisons between patients with meningiomas and healthy volunteers revealed statistically significant differences in neuropsychological performance. Overall, the patients had markedly lower scores in the Digit Span Backward subtest, COWAT phonological and semantic subtests, finger-tapping test for hands, TMT Part B, and RBMT delayed story recall (see Table 2 ). The Digit Span Forward subtest, the TMT Part A, the RBMT immediate story, and the RBMT immediate and delayed route recall were comparable between the patient and control groups.
Right Versus Left Hemisphere
Patients were divided into 2 groups according to tumor lateralization: the left hemisphere group (n = 17) and the right hemisphere group (n = 27). Patients with bilateral meningiomas were excluded from the analyses. Statistical comparisons showed that the left hemisphere group scored significantly lower than the right hemisphere group in phonological (p = 0.018) and semantic (p = 0.001) COWAT, and RBMT immediate (p = 0.021) and delayed (p = 0.016) story recall. The remaining variables did not show statistically significant differences between the two groups.
Convexity Versus Skull Base
Patients were subdivided into 2 groups according to lesion localization: convexity meningioma patients (n = 28) and skull base meningioma patients (n = 26). Statistical comparisons revealed that skull base meningioma patients showed poorer performance on the memory tests RBMT immediate story (p = 0.017) and route (p = 0.028) recall and the RBMT delayed story (p = 0.025) and route (p = 0.029) recall when compared with the convexity group.
Anterior Versus Posterior Convexity
Patients with convexity meningiomas were divided into anterofrontal (n = 16) and posteroparietal (n = 12) convexity groups. The anterofrontal group scored significantly lower on Digit Span Backward (p = 0.022), COWAT phonological (p = 0.026), and TMT Part B (p = 0.019) tests compared with the posteroparietal group. In addition, 7 of 12 patients with parietal meningiomas presented with relevant disturbances: 1 patient (with right superior lobule meningioma) had asomatagnosia, 1 patient (with a left inferior and superior parietal lobules meningioma) had perceptual visual agnosia, ideokinetic apraxia, and left-right disorientation, 1 patient (with a left posterior parietal lobe meningioma) had only ideokinetic apraxia, 1 patient (with a left inferior parietal lobule meningioma) had anomic aphasia and left-right disorientation, 1 patient (with a right parietal lobe meningioma) had perseverations in visual and tactile stimuli, and 2 patients (with right inferior mainly parietal lobule meningiomas) showed visual and tactile double extinction. None of the 16 patients with anterior (frontal) convexity meningiomas presented with the aforementioned deficits. 
Anterior Versus Middle Skull Base Location
Patients with skull base meningiomas were divided into anterior skull base (anterior cranial fossa, n = 11) and middle skull base (middle cranial fossa, n = 14) groups. The anterior skull base group scored significantly higher on the memory RBMT immediate (p = 0.019) and delayed (p = 0.012) story recall as well as on the RBMT delayed route recall (p = 0.024).
Small Versus Large Tumor
Patients were subdivided into 2 groups according to lesion size: patients in the small meningioma group were characterized as harboring a mass that was smaller than 4 cm in maximum diameter (n = 24) and those in the large meningioma group were characterized as harboring a mass greater than 4 cm in maximum diameter (n = 30). Statistical comparisons between the 2 groups showed that patients with large lesions had poorer performance on language and fine motor testing than patients with small lesions. There was a statistically significant difference in the phonological (p = 0.021) and COWAT, and TMT Part B (p = 0.001) performance. To better understand the trend of neuropsychological performance according to tumor size, a histogram of the 54 tumor sizes (Fig. 1) , as well as the average of preoperative neuropsychological scores by quartiles of tumor size (Fig. 2) , is provided for functions that were deficient when compared with control croup.
Edema Versus No Edema
Patients were divided into those with no tumor edema (n = 17), those with peritumoral edema (n = 21), and those with extensive widespread edema (n = 16). Post hoc analyses on frontal convexity group showed that patients with extensive edema (n = 7) had poorer performance on phonological (p = 0.021) verbal fluency when compared with patients with no edema (n = 4) but not when compared with those with peritumoral edema (n = 5). Along the same lines, all but one patient with a posterior convexity meningioma and parietal association deficits had edema (2 peritumoral and 4 extensive) and the majority of patients (4 of 5) with no deficits had no edema. There was no statistical difference in cognition among the 3 edema groups for skull base sample.
postoperative assessments
Paired t-test comparisons of the patients' pre-and postoperative performance revealed no overall significant deterioration in cognitive function. Specifically, postoperative performance on the Digit Span Forward and Digit Span Backward subtests, TMT Part B, the left finger tapping, and the RBMT memory subtests did not show statistically significant differences compared with preoperative performance. Instead, marked improvements were found in the COWAT phonological and semantic, TMT Part A, and right finger-tapping test (Table 2 ). In addition, all the parietal lobe phenomena that were present in the posterior convexity group were absent at the postoperative examination, and none of the patients developed new parietal lobe phenomena.
discussion
Prospective studies on pre-and postoperative neurocognitive function in meningioma patients are scarce. In the present study, neuropsychological functioning before and after surgery in patients with convexity and skull base meningiomas was investigated.
At baseline, patients overall presented with deficits in core domains of cognition, as language, memory, attention, visuospatial function, and fine motor performance were found to be significantly lower than those in the control group. This is in agreement with previous studies suggesting that meningiomas can cause neurocognitive and behavioral deficits, 25 probably due to compression effects on normal brain tissue. 4 With regard to tumor laterality, patients with left-sided meningiomas had decreased verbal fluency and recall for verbal material compared with patients with right-sided meningiomas. This finding supports the well-established notion that the left hemisphere is dominant for language function 15 and is in agreement with previous studies reporting verbal deficits in patients with left-hemisphere benign, 28 low-grade, 9 and high-grade malignancy 12 tumors. Regarding the superoinferior axis, patients with skull base meningiomas had more deficits in memory components and long-term verbal and nonverbal memory than those with convexity meningiomas. Within the skull base group, patients with middle cranial fossa meningiomas showed greater memory disturbances than those with anterior cranial fossa meningiomas. We considered this finding a result of anatomical proximity between the middle cranial fossa and temporal lobes. Medial temporal structures are well known to support memory function. Previous case reports 10, 11 have shown that skull base mass lesions can affect typical function in the temporal lobe, such as long-term memory.
Within the convexity group, patients with anterior convexity meningiomas had more deficits in executive function than those with posterior convexity meningiomas. The association between frontal lobe lesions and impairment of executive function has been observed previously in a number of studies, 7 including extraaxial mass lesions. 25 On the other hand, posterior convexity meningioma patients presented with parietal association cortex disturbances. Parietal lobe association deficits have been reported in parietal glial tumor patients before and after resection of the parietal lobe. 21, 22 To the best of our knowledge, the current study is the first study to report that extraaxial neoplasms may also cause parietal association cortex deficits.
Neurocognitive function was found to be deficient in meningioma patients in our study, and the pattern of deficiency, as described above, was associated with tumor localization. The severity of deficiency, however, was associated with tumor size. According to our study, neuropsychological deficits were more severe in large meningiomas than in small ones. Previous studies have shown that the severity of neuropsychological deficits is positively associated with lesion size in glial tumors.
12, 21 Our study shows that this association also exists with meningiomas. These results should be taken into account by neurosurgeons who follow a conservative approach in meningioma treatment. Surgeons should bear in mind that meningioma growth, although typically very slow, may be accompanied by worsening of neuropsychological function.
Regarding postoperative outcomes, the literature suggests the possibility of late neurocognitive sequelae in patients who have undergone surgical treatment for meningiomas. However, currently it is unclear whether these deficits are due to the tumor or are surgically induced. Our comparisons of pre-and postoperative evaluations revealed no overall deterioration in neurocognitive function. Instead, a significant improvement was observed in some of the frontal lobe functions, in verbal fluency, in processing speed (an aspect of visual attention), and in fine movement speed. In addition, all parietal cortex deficits had disappeared by the time of postoperative assessment. On the other hand, short-term memory, working memory, and long-term memory did not show statistically significant improvements postoperatively.
Our postoperative results overall support those in the study by Tucha and colleagues, 24, 25 which showed no cognitive deterioration after surgery in patients with frontal meningiomas, but instead showed that some attention functions were improved. However, our results are in disagreement with studies showing that patients with left-hemisphere meningiomas should not expect any improvement postoperatively. 30 Our patients exhibited improvement in verbal fluency, a function known to be supported mainly by the left dorsolateral prefrontal cortex. 19 We considered this disparity probably due to less sensitive assessment tools used in the previous study, as the Modified Mini-Mental State Examination is considered a screening instrument for dementia rather than a test to detect subtle cognitive deficits. These results imply that cognitive deficits seen postoperatively in meningioma patients are more likely to be tumor induced rather than surgically induced and present before surgery. Our study stresses the need for a baseline neurocognitive evaluation prior to interpretation of late neurocognitive sequelae in meningioma patients.
In general, neurocognitive function in brain tumor patients can be affected by other factors such as medication or postoperative complications (e.g., stroke). It has been reported that antiepileptic agents may cause cognitive decline, whereas steroids may alleviate cognitive deficits due to resolution of brain edema. 23 However, during preoperative assessment only a minority of our patients had been receiving antiepileptic agents and steroids; during postoperative examination none of the patients were taking steroids, and only 6% of patients were receiving antiepileptic agents. Therefore, we consider that the preoperative neurocognitive deficits and any postoperative neurocognitive changes seen in our study were not due to medications, but rather were induced by tumor and surgery, respectively. However, future studies should examine the impact of antiepileptic drugs and steroids on cognition in meningioma patients. Regarding postoperative stroke, one would assume that diffusion weighted imaging (DWI) changes would be correlated with postoperative neurocognitive function. According to our postoperative imaging results none of the patients had DWI changes; therefore, we consider patients' postoperative neurocognitive function not to have been affected by postoperative stroke. However, we suggest that future studies should address this issue and investigate the relationship between postoperative cognition status and DWI results in case of a postoperative stroke.
conclusions
Our study shows that typical meningiomas can cause neurocognitive deficits depending on tumor localization and size. Neurosurgery does not result in deterioration in overall neuropsychological function; rather, some function may be improved.
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